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Strong Coupling αs(μ)—Common Features

• Determinations αs of entail 	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	 	
	
vary Q to check running as predicted by perturbation theory ↔︎ tame power 
corrections (suppression, fitting).


• Resources: SnowWP on αs, FLAG 2021 chapter on αs [arXiv:2111.09849].
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https://inspirehep.net/literature/2053387
https://inspirehep.net/literature/1971260


Strong Coupling αs(μ)—High Energy ⊕ pQCD

• Numerous methods:


• different observables;


• different probes;


• different systematics.


• Consider “QQ bound states” ☛


• actually, moments of R(e+e–);


• same PT as in heavy current-current 
correlation functions (“heavyCurr”).

30 9. Quantum Chromodynamics

–s(M2
· ) = 0.312 ± 0.015.

0.110 0.115 0.120 0.125 0.130
αs(M2

Z)
August 2021

BDP 2008-16
Boito 2018
PDG 2020
Boito 2021

τ decays
&

low Q2

Mateu 2018
Peset 2018
Narison 2018 (c ̄c)
Narison 2018 (b ̄b)
BM19 (c ̄c)
BM20 (b ̄b)

QQ
bound
states

BBG06
JR14
ABMP16
NNPDF31
CT18
MSHT20

PDF fits

ALEPH (j&s)
OPAL (j&s)
JADE (j&s)
Dissertori (3j)
JADE (3j)
Verbytskyi (2j)
Kardos (EEC)
Abbate (T)
Gehrmann (T)
Hoang (C)

  e +e −

jets
&

shapes

Klijnsma (t ̄t)
CMS (t ̄t)
H1 (jets)*
d'Enterria (W/Z)
HERA (jets)

hadron
collider

PDG 2020
Gfitter 2018  electroweak

FLAG2019 lattice

Figure 9.2: Summary of determinations of –s(M2

Z) from the seven sub-fields discussed in the
text. The yellow (light shaded) bands and dotted lines indicate the pre-average values of each
sub-field. The dashed line and blue (dark shaded) band represent the final world average value of
–s(M2

Z). The “*” symbol within the “hadron colliders” sub-field indicates a determination including
a simultaneous fit of PDFs.
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Strong Coupling αs(μ)—Lattice QCD ⊕ pQCD

• Step scaling aka “QCD in a can” of 
diameter L;


• Static Potential (aka static energy) 
with separation r;


• light-quark current-Current 
correlators at space-like Q;


• Small Wilson loops of size ~a;


• Moments of heavy-quark current-
Current correlators of mass mQ;


• Ghost-gluon vertex, momentum Q;


• Eigenvalues of the Dirac operator. 

http://flag.unibe.ch/2021/
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Ingredient Small Wilson loops LGT with a ! 0 DIS scaling violation
Obtain R(Q) Compute from QCD Lagrangian Measure e-p scattering
Large energy scale a�1 L�1, 2mQ, ... Momentum transfer Q
Scale separation OPE Various OPE
Perturbation theory Lattice (NLO, maybe NNLO) Dimensional regularization (NNLO, N3LO)
Number of quantities Several one or few Several
Electroweak Omitted by construction Included in data and theory
BSM Omitted by construction Unknown/omitted
Units in GeV Hadronic quantity, viz., Q = MPDG[(Qa)/(Ma)]lat Detector calibration
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Strong Coupling αs(μ)—Summary of Results

http://flag.unibe.ch/2021/


Strong Coupling αs(μ)—Needs for Lattice QCD

• Numerical lattice gauge theory:


• higher statistics;


• finer lattices.


• Perturbation theory (e.g.):


• full four-loop static energy;


• four-loop quarkonium;


• step-scaling observables in MS;


• Wilson loops N3LO or N4LO?
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Does precision permit

fitting not truncating?
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